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Cotton is widely cultivated in tropical and subtropical areas of about sixty countries around the globe (Vineela et al. 2013) . Fibre yield is the main objective of cotton cultivation (Ashokkumar et al. 2010) . Selection of the best parents and appropriate crossing plan can assist to develop better hybrids which can enhance yield (Wu et al. 2004) .
Line × tester analysis evaluates the general combining and specific combining abilities in crosspollinated crops (Kempthorne 1957) and identifies superior parental genotypes and hybrids in terms of traits involved in studies (Ahuja & Dhayal 2007) . Combining ability also helps in assessing the gene action involved in controlling components of yield. General combining ability (GCA) variances reflect the additive gene action while specific combining ability (SCA) variances reflect the non-additive gene action. It helps in the selection of superior parents to develop superior hybrids and exploits the genetic variability (Inamullah et al. 2006) . Selection of appropriate parents is essential as genetic variation is required to develop superior varieties with unique genetic https://doi.org/10.17221/54/2017-CJGPB makeup. Variation in fibre and yield traits is affected by the additive and non-additive gene action. GCA variances were lower than SCA variances showing that traits such as bolls/plant, yield, seed index, ginning outturn (GOT) and lint index were controlled by dominant genes (Deshpande & Baig 2003) . In some other cases, both additive and dominant gene action controlled the bolls/plant, seed index, GOT; other yield traits (Rokaya et al. 2005) ; fibre yield and fibre elongation traits (Cheatham et al. 2003) .
The objective of this research was to determine gene action responsible for variation in yield and fibre traits and to determine superior parental genotypes and hybrids.
MATERIAL AND METHODS
Plant material and greenhouse cultivation. Six parental lines Bt.CIM-599, CIM-573, MNH-786, CIM-554, BH-167 belonging to G. hirsutum species and GIZA-7 belonging to G. barbadense species were crossed in a greenhouse with three testers MNH-886, V4 (exotic cultivar) and CIM-557 belonging to G. hirsutum species using the line × tester mating design to develop interspecific and intraspecific hybrids in 2015. Genotypes were selected based on different morphological and yield traits.
Field layout. These nine parental genotypes and their eighteen F 1 hybrids were evaluated under a field trial in a randomized complete block design using three replications in the fields of Faculty of Agricultural Sciences and Technology, Bahauddin Zakariya University, Multan, Pakistan during the crop season in 2016. Plant to plant and row to row distance was 30 cm and 75 cm, respectively.
Data collection and biometrical analysis. At maturity, data for nineteen traits, i.e. bolls/plant, sympodia/ plant, monopodia/plant, node of first fruiting branch (NFB), fruiting nodes, total nodes, boll weight (g), lint weight/boll (LW; g), seeds/boll, lint index (g), ginning outturn (GOT; %), seed index (g), seed cotton/seed (SCS; g), lint/seed (g), seed weight/seed (SWS; g), seed cotton yield/plant (g), micronaire value (µg/inch), staple length (mm) and staple strength (g/tex), from five plants per replication were collected. Lint/seed, SWS and SCS were calculated using Worley et al. (1974) method. Fibre traits were determined using a high volume instrument (Uster, Switzerland) at Cotton Research Station, Multan, Pakistan.
Analysis of variance was performed using the method described by Steel et al. (1997) . Data were further analysed by the Kempthorne (1957) method.
RESULTS AND DISCUSSION
Significant differences between parents and hybrids were found in all morphological and fibre traits except micronaire value (Table 1) , yield and within-boll yield components (Table 2) showing the presence of genetic variability among parental genotypes and their hybrids. Significance of SCA and GCA mean squares showed the involvement of both non-additive and additive **Highly significant at α =1%; *significant; SOV -source of variation; Df -degree of freedom; TBP -total bolls/plant; Mononumber of monopodia/plant; Sym -number of sympodia/plant; TN -total nodes; FN -fruiting nodes; MIC -micronaire value; SL -staple length; SS -staple strength; σ²gca -general combining ability variance; σ²sca -specific combining ability variance https://doi.org/10.17221/54/2017-CJGPB gene action (Table 1 and 2). Estimates of GCA and SCA effects for parents and hybrids on morphological and fibre traits, and within-boll yield components are shown in Table 3 and 4, respectively. GCA values showed Giza-7 was a good general combiner for bolls/plant and fruiting nodes and BH-167 was found superior for sympodia/plant and total nodes. The parental genotype CIM-554 was found better for monopodia/plant and CIM-573 for NFB. The lowest values are desirable in both these traits because although monopodia/plant is a yield-contributing trait but due to insect infestation, a lower number of monopodia/plant is desirable for breeders and the earlier will be the first fruiting node, the higher will be the yield. Hence, negative combining ability is desirable for these traits. For bolls/plant, the cross BH-167 × MNH-886 gave a maximum SCA value (6.18) among intraspecific hybrids and Giza-7 × MNH-886 gave the highest value (5.09) among interspecific hybrids as shown in Figure 1a . Cotton yield can be enhanced utilizing this trait for future hybridization to develop hybrids for economic use. For monopodia/ plant, the crosses MNH-786 × V4 (-1.26) and Giza-7× CIM-557 (0.02) gave the lowest values among intraspecific and interspecific hybrids, respectively. CIM-554 × CIM-557 hybrid showed a maximum SCA effect (8.02) on sympodia/plant (Figure1b). SCA values showed that the cross CIM-573 × CIM-557 had values in desirable direction for NFB (-1.15) and total nodes (11.26). For fruiting nodes, maximum SCA effects were found out in Bt.CIM-599 × V4 (Table 3) .
Among within-boll yield components, for boll weight, maximum GCA and SCA effects were observed in Giza-7 and in the cross CIM-554 × CIM-557 (Figure 1c) . While for seeds/boll, high GCA effects were shown by MNH-786 (2.26) and maximum SCA effects were observed in CIM-573 × CIM-557 (9.40) as shown in Table 4 . Regarding the seed index, Giza-7 was found as a superior general combiner and its cross Giza-7 × MNH-886 gave the highest SCA value (3.54). For lint index, the highest GCA effects were estimated in MNH-786 and high SCA effects were observed in Giza-7 × MNH-886. Regarding LW, parental lines Bt.CIM-599 and MNH-786 gave the highest positive GCA effects and the cross CIM-554 × CIM-557 showed a maximum SCA effect (Figure 1d ). Figure 1e depicts that BH-167 was a good general combiner and its cross BH-167 × MNH-886 was a good specific combiner for GOT. Giza-7 was a superior general combiner for SCS, SWS and lint/seed and its hybrid Giza-7 × CIM-557 showed the highest SCA values for SCS (0.026) and for lint/seed (0.46). Regarding seed cotton yield/plant, MNH-786 and Giza-7 varieties among parental lines while MNH-886 and CIM-557 varieties among testers showed positive GCA effects. Maximum SCA effects were shown by Giza-7 × MNH-886 (Figure 1f ) . This cross combination indicated that hybrids superior for yield-contributing components have at least one parent with good general combining ability. Rauf et al. (2005) also reported a similar association. But it is not always necessary; some genotypes with poor (Table 4) . Imran et al. (2012) also reported superior hybrids developed from parents with lower GCA values. Regarding the micronaire value, the highest GCA effects were found for BH-167 (0.25). SCA effects were found maximum for CIM-554 × CIM-557 followed by BH-167 × V4. Genotypes having negative GCA effects were considered better because higher GCA values lead to fibre coarseness (Rauf et al. 2006 ). Giza-7 was a good general combiner for fibre length and strength and its hybrid Giza-7 × MNH-886 gave maximum SCA effects on both traits.
The importance of GCA and SCA can be assessed by estimating components of GCA and SCA variances (σ²gca and σ²sca) and expressing as σ²gca/σ²sca and if this ratio is closer to 1, it indicates the importance of additive gene action (Baker 1978; Ceyhan et al. 2014 . Higher magnitude of GCA variances depicted a higher ratio of σ²gca/σ²sca and vice versa (Shaukat et al. 2013) . GCA and SCA variances for morphological and fibre traits are shown in Table 1, while Table 2 shows GCA Mono -number of monopodia/plant; TN -total nodes; FN -fruiting nodes; MIC -micronaire value; SL -staple length; SS -staple strength; NFB -node of first fruiting branch https://doi.org/10.17221/54/2017-CJGPB and SCA variances for within-boll yield components and yield traits. Non-additive gene action for bolls/ plant, sympodia/plant, monopodia/plant, total nodes, seed index, lint/seed, staple strength and seed cotton yield/plant was found due to a higher magnitude of σ²sca than σ²gca while higher σ²gca values than σ²sca showed additive gene action for NFB, fruiting nodes, boll weight, seeds/boll, LW, lint index, GOT, SCS, micronaire value and staple length (Table 1 and 2) . As bolls/plant are directly associated with seed cotton yield. A higher SCA variance value indicated that nonadditive gene action was mainly observed for bolls/ plant trait. Therefore, heterosis breeding is suggested to enhance bolls/plant. Several authors also reported non-additive gene action for bolls/plant (Ahuja & Dhayal 2007) , monopodia/plant (Rauf et al. 2006) , sympodia/plant (Rauf et al. 2006) , seed index (Ziaul-Islam et al. 2001) , lint/seed (Imran et al. 2012) , seed cotton yield/plant (Karademir et al. 2009 ) and staple strength (Ahuja & Dhayal 2007; Karademir et al. 2009 ). Selection should be delayed for the traits which were controlled by the non-additive gene action until genes were established in later generations (Godoy & Palomo 1999) . Additive gene action was also reported for boll weight (Khanzada et al. 2008) , seeds/boll (Ahmad et al. 2001) , lint index (Ahuja & Dhayal 2007) , GOT (Karademir & Gencer 2010) , micronaire value and staple length (Karademir et (Shaukat et al. 2013) . Traits controlled by additive gene action mostly have narrow-sense heritability (Kansik & Kapoor 2006) . So, selection for these traits can be helpful in an early segregating population (Falconer & MacKay 1996) .
CONCLUSION
Estimation of gene actions can be helpful in future selection of genotypes; as the selection of segregating material can be achieved in earlier generations when additive gene action is significant. While in later generations, selection is more suitable for traits under non-additive gene action. Promising parental varieties (BH-167, Giza-7, CIM-557) and their hybrids (Giza-7 × MNH-886, CIM-554 × CIM-557, BH-167 × MNH-886) can be further exploited to improve the yield and yield related traits. 
